Amide hydrogen exchange reveals conformational changes in hsp70 chaperones important for allosteric regulation.
Hsp70 chaperones assist protein folding processes by a nucleotide-driven cycle of substrate binding and release. Although structural information is available for the isolated nucleotide-binding (NBD) and substrate-binding domains (SBD) in the high affinity conformation, the low affinity conformations and the conformational changes associated with mutual allosteric regulation remained largely enigmatic. By using amide hydrogen exchange in combination with mass spectrometry, we analyzed the Escherichia coli Hsp70 homologue DnaK as full-length protein and its individual domains in the nucleotide-free and ATP-bound conformation. We found a surprising degree of flexibility in both domains. The comparison of the full-length protein with the isolated domains demonstrates a mutual stabilization of both domains. This protection from solvent was most pronounced and in addition was nucleotide-dependent in the lowerbeta-sheet of the SBD and the loop that connects the last beta-strand with helix alphaA. Interestingly, the linker region, which connects NBD and SBD and which is close to the protected loop in the SBD, is solvent-exposed in the absence of nucleotide and completely protected from hydrogen exchange in the presence of ATP. Peptide binding to DnaK.ATP reverts the ATP-induced conformational changes in the linker and selected parts of the NBD. Our data outline a pathway for allosteric interdomain control and suggest an important role of the linker and the base of helix alphaA.